gency associated with a high mortality rate. This strong assertion, although widely accepted, must be defined specifically to compare epidemiologic studies. Proposed definitions of SE by episode durations of 60, 20, 10, and even 5 minutes have been advocated, with briefer episode durations operationally used to prompt early treatment (1) . The majority of research studies, however, have used the guidelines agreed on by the International Classification of Epileptic Seizures and by the Epilepsy Foundation of America's Working Group on Status Epilepticus, which define SE as 30 or more minutes of continuous seizure activity or two or more sequential seizures without full recovery of consciousness between seizures (2) . According to a large prospective database compiled through the Greater Richmond Metropolitan Area Status Epilepticus Project (GRMASE), by using the 30-minute definition, 30-day mortality rates for subjects with seizures lasting 10 to 29 minutes was only 2.6% compared with a 19% rate in patients diagnosed with SE but who otherwise had comparable clinical features (P < .001) (3). It would appear, then, that the traditional definition of SE is a quite defensible one, as mortality statistics support the notion that after about 30 minutes of seizures, mortality takes a robust leap. Rather than adding to confusion in the literature by modifying a widely used and certainly not inappropriate definition of SE, I have advocated using the term "impending SE" to emphasize the urgency of initiating effective treatment within 30 minutes and preventing a progression of the episode from a mortality of one in 40 to a mortality of one in five (3) .
The relevance of other variables found in the literature regarding SE mortality rates, such as differences in length of follow-up, population demographics, and the definition of timing of death after ictus (i.e., death within 30 days), remains confusing. As it is uncommon for patients to die during SE, studies generally define SE-related mortality in terms of days lived after resolution of SE. Typically, death rates peak within 30 days after SE. The most long-term follow-up data on SE have been acquired through the Rochester Epidemiology Project and document a cumulative subsequent mortality of 43% in patients surviving the initial 30 days, with the worst risk for death being associated with SE lasting more than 24 hours, myoclonic SE, and acute symptomatic etiologies (4). Long-term mortality appears to be little different from that of the overall intractable epilepsy population.
Assuming optimal treatment, three other primary determinants of mortality exist with SE: age, duration, and etiology. Age at time of SE predicts a bimodal mortality, with peak rates for the very young and the very old (5) . Although neonates have extremely high mortality rates, infants and children to age 16 years had an overall mortality of only 3% in the GRMASE study (6) . Shinnar et al. (7) found similar low mortality in febrile and nonfebrile SE in children aged between 4 and 60 months. Pediatric patients also have a higher recurrence rate than do most adults, indicating a tendency to survive and have repeated bouts of SE rather than succumb after one episode. A small proportion of adults appear to be habitual SE patients, with a tendency toward multiple recurrences and a very low risk of death-similar to the pattern seen in most children. Unfortunately, despite their large numbers, population-based studies have yet to identify any unique clinical or diagnostic characteristics of an adult SE "survivor profile." Usual mortality rates in adult studies range from 16% to 25%, although risk steadily increases with advancing age. In the GRMASE study, overall adult mortality was 26%, but 38% for patients older than 60 years. This same study demonstrated SE-related mortality at greater than 50% in patients older than 80 years (8) .
Duration of SE is the only potentially modifiable determinant of mortality. With earlier diagnosis as well as prompt initiation and completion of treatment, duration can be directly modified. Unfortunately, issues that are highly individual to a given patient, such as transportation, intravenous (IV) access, electroencephalogram (EEG) availability, hemodynamic instability, and airway management can add critical minutes, even hours to the timing of initiation and effectiveness of treatment. Most published treatment protocols for SE are based on a time schedule designed to treat aggressively within the first hour of seizures to determine whether continuous IV infusion management must be initiated as the second hour begins. Justification for this time schedule is easily found, given the rapid increase in 30-day mortality rates from 3.7% to 34.8% for all patient ages at 1 hour from onset of ictus (11) . Once the 3-hour mark has passed, mortality again increases drastically, but the rate of increase reaches an asymptote over subsequent hours and even days. No data indicate optimal duration of pharmacologic EEG suppression for survival.
Etiology is probably the most obvious but complex determinant of SE mortality. Anoxia accounts for the highest mortality in older patients with SE, not unexpectedly after cardiac arrest. Overall, adult mortality from anoxia is 71% but reaches 92% in those patients older than 65. These numbers are higher, but not significantly higher than mortality rates over 30 days after in-hospital cardiac arrest in the absence of SE (9) . Thus anoxia has a phenomenally high mortality rate, whether associated with SE or not. Mortality from this condition does not, therefore, appear to be increased synergistically with SE, simply because of its devastating effects to all other concomitant diagnoses. Typical etiologies associated with lower mortality include subtherapeutic antiepileptic drug (AED) levels and alcohol withdrawal. Etiologies linked to an intermediate risk of mortality include stroke, metabolic derangements, drug overdose, tumors, and trauma (8) . In contrast to anoxia, mortality from SE with ischemic brain injury, the most common etiology in adults in the GRMASE study, appears synergistic (10) . Not surprisingly, acute symptomatic etiologies (e.g., rapidly expanding mass lesions, acute infection) tend to be associated with additive higher mortality than do remote symptomatic etiologies (e.g., old strokes, prior trauma). The combined effects of SE and another acute illness, as well as the complications of acute SE and medical treatments, generate a complex, acute situation for the patient. The severity and number of comorbidities also determines prognosis. Delanty et al. (11) reviewed cases of SE arising in the hospital setting in patients with multiple acute medical problems and found a mortality of 61%, with a third of the patients dying during the ictus. Obviously, the sicker the patient, the higher the mortality rate.
Careful review of EEG patterns in SE patients indicates that some EEG characteristics are more highly correlated with mortality than are others. The overall mortality rates of partial and generalized convulsive SE (GCSE) EEG patterns have not been found to be significantly different (8) . Although focality of EEG discharge does not appear to change mortality, the disassociation of EEG from clinical seizures appears to have a striking effect on mortality. In the Veterans Affairs cooperative study of the treatment of GCSE, patients who have generalized convulsive movements coincident with EEG discharges (overt GCSE) were found to have a 30-day mortality of 26.8%, whereas those who had no obvious convulsive movements coincident with their ongoing EEG discharges (subtle GCSE) had a mortality of 64.9% (12) . It has been proposed that inadequately treated GCSE EEG patterns deteriorate through a series of predictable changes in which the EEG shows that discrete seizures are followed by a period of merging seizures, eventually becoming a continuous monomorphic pattern. The monomorphic pattern subsequently is interrupted by suppressed periods that become more prevalent, with the terminal pattern of GCSE appearing as periodic epileptiform discharges (PEDs) (13) . However, such stereotypic sequences have not reliably been found in prospective EEG studies, although recording of the hypothesized "later" pattern of PEDs at any time during or after SE correlates with worse outcome, independent of etiology (14) . A prospective study of intermittent and continuous SE patterns on EEG monitoring found a significantly higher mortality in those patients who had a continuous, monomorphic pattern (15) . Although PEDs correlate with mortality when occurring in patients known to have SE, the pattern, even when not necessarily associated with known seizures, also is associated with mortality rates of 40% to 50% in children for whom there is no clinical evidence of SE (16, 17) . Ictal electroclinical dissociation also may occur with conversion from an overt-convulsive to a subtle-nonconvulsive state. In the GRMASE study, 14% of comatose patients were found to have persistent nonconvulsive SE after initial convulsive movements stopped (18) . Patients may be seen in coma or a stuporous state for days before the diagnosis of SE is entertained, thus prolonging the duration of SE and thereby increasing the risk of mortality.
With the advances made in parenteral pharmacotherapy, intensive care unit (ICU) management, and the availability of high-quality EEG monitoring, one would expect that death rates from SE would have declined substantially in recent years. Although some clinical series have suggested such a decrease, the Rochester Epidemiologic Study (4) , which calculated incidence and case-fatality rates over 30 years (1955 to 1984) , on the whole, found that the 30-day case-fatality rate remained stable. However, incidence rates increased as a result of greater numbers of patients who were elderly and survivors of cardiac arrest with anoxic etiology for SE. Thus despite the better treatment options and trends toward recommending more aggressive ICU management for SE, it appears that these improvements in patient care are merely matching the increased proportion of high-mortality SE cases.
For epileptologists to reduce overall SE mortality in the future, it will be necessary to do more than merely treat the emergency at hand. Prevention of the potential cascade of neurally-mediated dysfunction of vital organs in the weeks after SE may be as important as stopping ictal patterns on EEG. Although it is obvious that convulsive activity will initially result in massive autonomic activation, with resultant tachycardia, hyperthermia, increased plasma glucose, lactic acidosis, and hypertension, these changes are physiologically appropriate to prolonged seizures. After these responses subside and possibly decrease below baseline levels, with ongoing convulsions or even nonconvulsive SE, the danger of terminal damage to the nervous system, and ultimately the rest of the body, becomes a serious threat. Increased intracranial pressure and relative hypotension occurring with convulsive SE will result in impaired cerebral perfusion pressure and exacerbation of neurologic and systemic dysfunction. Neuropathologic changes have been reported, even in chemically paralyzed animal models of prolonged SE with control of metabolic variables, indicating that the ictal discharge itself contributes significantly to neuronal damage (19) . N -Methyl-D-aspartate (NMDA)-receptor activation has been shown to mediate the loss of γ -aminobutyric acid (GABA) inhibition observed in experimental SE (20) . Whereas this and other experimental models indicate the potential role for neuroprotection in SE, further improvement in mortality of SE likely depends on identifying effective human protocols. Until that time, it perhaps provides some strange sense of satisfaction that if we were not so successful resuscitating patients from cardiac arrest, and if people were not living so long, at least the statistical mortality of SE would likely be declining.
